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OBJECTIVE — Alstrom syndrome, with type 2 diabetes, and blindness could confer a high
risk of foot ulceration. Clinical testing for neuropathy in Alstrom syndrome and matched young-
onset type 2 diabetic subjects was therefore undertaken.

RESEARCH DESIGN AND METHODS — Fifiy-eight subjects with Alstrom syndrome
(18 insulin-resistant nondiabetic and 40 diabetic; aged 8—43 years) and 30 young-onset diabetic
subjects (aged 13-35 years) were studied. Neuropathy symptom questionnaires were administered.
Graded monofilament and 128-MHz tuning fork vibration perception were assessed in both feet.

RESULTS — Neuropathic symptoms, loss of monofilament, and/or vibration perception were
reported by 12 of the 30 young-onset type 2 diabetic subjects (6 had neuropathic ulceration) but
none of the subjects with Alstrom syndrome.

CONCLUSIONS — The striking preservation of protective foot sensation in Alstrom syndrome
may provide a clue to the causes of differential susceptibility to neuropathy in the wider diabetic

population.

Istrom syndrome is a rare autoso-

mal recessive condition character-

ized by cone-rod dystrophy and
childhood blindness, obesity and insulin
resistance leading to type 2 diabetes in
adolescence, and hyperlipidemia (1,2).
Mutations in the ALMSI gene have been
described in the majority of cases (3,4).
The accompanying blindness might in-
crease the risk of foot ulceration if periph-
eral neuropathy were to develop.
Therefore, a systematic foot examination
of 58 subjects with Alstrom syndrome
and 30 young-onset type 2 diabetic sub-
jects was undertaken.

RESEARCH DESIGN AND
METHODS — Ethics committees of
Torbay Hospital, Bristol Royal Hospital

Diabetes Care 32:462-464, 2009

for Children, and The Jackson Laboratory
gave study approval. Subjects with Al-
strom syndrome were studied at Alstrom
Syndrome U.K. and Alstrom Syndrome
International clinics. Fifty-eight subjects
with Alstrom syndrome and 30 young-
onset (<25 years of age at diagnosis) type
2 diabetic subjects; 10 of 12 patients from
the adolescent type 2 diabetes register at
Bristol Royal Hospital for Children; and
20 of 22 patients from the diabetes retinal
screening register of South Devon Health-
care, Torbay Hospital were included.

Clinical protocol

A validated questionnaire (available in an
online appendix at http:/dx.doi.org/10.
2337/dc08-1584) seeking symptoms of
bilateral neuropathic pain was adminis-
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tered to all subjects by three trained in-
vestigators. Research-grade 2-, 4-, 6-, 8-,
10-, and 15-g monofilaments (Bailey
Instruments, Manchester, U.K.) and
128-MHz tuning forks were used to test
for protective sensation in subjects with
eyes closed (5) (see Clinical Protocol
available in the online appendix). Briefly,
monofilaments were bounced to warm
them up and applied firmly to six sites on
each foot with a variable pause between
tests to exclude false-positive responses.
Calloused sites were avoided. Preserva-
tion of vibration perception was recorded
if the subject sensed vibration at the tip of
the hallux for 3 s and correctly identified
when damped. Serum lipids and A1C
were taken from patient records in the
U.S. and from clinical laboratories at Tor-
bay Hospital and Bristol Royal Hospital
for Children in the U.K.

Statistics

For statistical testing, parametric ANOVA
was used for BMI and A1C and the
Kruskal-Wallis test was used for mono-
filaments. For pulses, 128 V, and reflexes,
Fisher’s exact test was used. Statistical
computations were performed with
Foundation for Statistical Computing
software (R2.6.1; http://www.r-project.
org). The significance threshold was set
at P = 0.05.

RESULTS — The Alstrom diabetic
subjects (n = 40) and young-onset type 2
diabetic patients (n = 30) are well
matched (Table Al of the online appen-
dix) except for duration of diabetes,
which is longer in the Alstrom diabetic
group: for type 2 diabetes vs. Alstrom syn-
drome diabetes, respectively, duration of
diabetes 4.6 = 3.2 vs. 13.8 % 2.8 years;
Al1C8.6*25vs.9.1*15%,P=0.14;
serum cholesterol 5.3 £ 0.9vs. 6.1 = 1.3
mmol/l, P = 0.25; and serum triglyceride
3.7 £ 19 vs. 0.8 £ 6.0 mmol/l, log-
transformed P = 0.15. Table 1 shows the
prevalence of neuropathic symptoms and
loss of protective sensation in each group
of subjects. No Alstrom syndrome sub-
jects manifested typical neuropathic pain
or absence of vibration perception. All
perceived 6-g monofilament stimuli at all
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Table 1—Significance testing between young-onset type 2 diabetic subjects and Alstrom syndrome subjects with diabetes

Type 2 diabetes vs.

Alstrom syndrome Alstrom syndrome Type 2 Alstrom syndrome

Parameter with no diabetes with diabetes diabetes with diabetes (P)
n 18 40 30
Neuropathic symptoms (%) 0 0 30.1 <0.0001
Perception

all 2-g monofilament (%) 80 95 36 0.001

all 10-g monofilament (%) 100 100 38 0.001

128-MHz vibration (%) 100 97 72 0.004
Neuropathy (%) 0 0 34.6 0.0006
Foot ulceration 0 0 6 <0.0001

The Kruskal-Wallis test for monofilament perception and Fisher’s exact test for 128 V (128-MHz tuning fork perception) were used. See text for definition of

neuropathy and characteristics of symptoms.

sites, and >80% perceived all 2-g tests.
None had present or past foot ulcers.

In contrast, neuropathic symptoms,
absent vibration perception, or impair-
ment of 6-g or 10-g monofilament percep-
tion was found in 14, 11, 7, and 12 of the
control young-onset type 2 diabetic sub-
jects, respectively. Six had neuropathic
ulcers, and one had a bilateral ulcer.

Statistical analysis showed highly sig-
nificant differences between Alstrom syn-
drome diabetic and young-onset type 2
diabetic patients with respect to presence
of neuropathic symptoms (P < 0.0001),
absence of vibration perception (P =
0.004), and mean lightest perceived
monofilament (P = 0.00001).

CONCLUSIONS — Impairment of
vibration sense and/or monofilament per-
ception at 10 g is strongly predictive of
future ulceration in diabetes (6,7). Our
findings with graded monofilaments and
vibration perception have confirmed the
high prevalence of peripheral sensory
loss, neuropathy, and ulceration in a
small group of young/adolescent-onset
type 2 diabetic individuals.

Alstrom syndrome diabetic subjects
maintained good protective sensation de-
spite comparable hyperglycemia and dys-
lipidemia (online appendix). This finding
isencouraging, as it confirms that Alstrom
syndrome subjects can undertake exer-
cise and domestic activities with low risk
of foot ulceration. The freedom from clin-
ical signs of neuropathy suggests the pos-
sibility of a protective factor, associated
with the syndrome, that may, when iden-
tified, increase understanding of the
causes of diabetic neuropathy and suggest
novel therapeutic interventions. Studies
of nerve conduction in these patients are
needed to confirm these findings.

Alstrom syndrome patients could be
protected from clinical diabetic neuropa-
thy because of their short stature (8,9),
though the mean height for Alstrom syn-
drome patients was not significantly dif-
ferent from that for control subjects. It
was recently reported that patients with
Alstrom syndrome have subtle impair-
ments in the growth hormone—IGF axis
with a reduction in acid labile subfraction
and IGF binding protein-1, whereas IGF
binding protein-2 was shown to be mark-
edly increased (10). These alterations
could protect against microvascular com-
plications as in the sex-linked form of ate-
liotic dwarfism (11,12).

The finding that the ALMS1 protein
localizes intracellularly to the centrosome
and may therefore influence microtubular
function has led to speculation that trans-
port of GLUT1-5 receptors to the cell sur-
face may be impaired in Alstrom
syndrome (13). Underexpression of
GLUT]I receptors might protect neurons
from hyperglycemic metabolic insult in
those with diabetes and Alstrom syn-
drome. Further studies evaluating the
roles of ALMS1 protein and microtubular
function in normal neuronal function and
neuropathies are strongly indicated.

Acknowledgments— Funding was received
from Alstrom Syndrome International, Al-
strom Syndrome U.K., the special medical
grant fund of Torbay Hospital, and the Na-
tional Clinical Specialist Services Group of the
Department of Health, U.K.

No potential conflicts of interest relevant to
this article were reported.

We thank all of the patients and families
who helped with the study and Alstrom Syn-
drome International and Alstrom Syndrome
UK.

References

1. Alstrom CH, Hallgren B, Nilsson LB,
Asander H: Retinal degeneration combined
with obesity, diabetes mellitus and neurog-
enous deafness: a specific syndrome (not
hitherto described) distinct from the Lau-
rence-Moon-Bardet-Biedl = syndrome: a
clinical, endocrinological and genetic exami-
nation based on a large pedigree. Acta Psychi-
atr Neurol Scand Suppl 129:1-35, 1959

2. Marshall JD, Bronson RT, Collin GB, Nor-
dstrom AD, Maffei P, Paisey RB, Carey C,
Macdermott S, Russell-Eggitt I, Shea SE,
Davis J, Beck S, Shatirishvili G, Mihai CM,
Hoeltzenbein M, Pozzan GB, Hopkinson
1, Sicolo N, Naggert JK, Nishina PM: New
Alstrom syndrome phenotypes based on
the evaluation of 182 cases. Arch Intern
Med 165:675-683, 2005

3. Hearn T, Renforth GL, Spalluto C, Hanley
NA, Piper K, Brickwood S, White C, Con-
nolly V, Taylor JF, Russell-Eggitt I, Bonneau
D, Walker M, Wilson DI: Mutation of
ALMSI, a large gene with a tandem repeat
encoding 47 amino acids, causes Alstrom
syndrome. Nat Genet 31:79-83, 2002

4. Collin GB, Marshall JD, Tkeda A, So WV,
Russell-Eggitt I, Maffei P, Beck S, Boerkoel
CF, Sicolo N, Martin M, Nishina PM, Nag-
gert JK: Mutations in ALMS1 cause obe-
sity, type 2 diabetes and neurosensory
degeneration in Alstrom syndrome. Nat
Genet 31:74-78, 2002

5. Thomson MP, Potter J, Finch PM, Paisey
RB: Threshold for detection of diabetic
peripheral sensory neuropathy using a
range of research grade monofilaments in
persons with Type 2 diabetes mellitus. |
Foot Ankle Res 1:9, 2008

6. Pham H, Armstrong DG, Harvey C, Harkless
LB, Giurini JM, Veves A: Screening techniques
to identify people at high risk for diabetic foot
ulceration: a prospective multicenter
trial. Diabetes Care 23:606—611, 2000

7. Abbott CA, Carrington AL, Ashe H, Bath S,
Every LC, Griffiths J, Hann AW, Hussein A,
Jackson N, Johnson KE, Ryder CH, Tork-

D1aBETES CARE, VOLUME 32, NUMBER 3, MARrRcH 2009

463



|
Protection from neuropathy in Alstrom syndrome

ington R, Van Ross ER, Whalley AM,
Widdows P, Williamson S, Boulton AJ,
North-West Diabetes Foot Care Study:
The North-West Diabetes Foot Care
Study: incidence of, and risk factors for,
new diabetic foot ulceration in a com-
munity-based patient cohort. Diabet
Med 19:377-384, 2002

. Sosenko JM, Gadia MT, Fournier AM,

OConnell MT, Aguiar MC, Skyler JS: Body
stature as a risk factor for diabetic sensory neu-
ropathy. Am | Med 80:1031-1034, 1986

. Sosenko JM, Boulton AJ, Gadia MT, Ward

JD, Skyler JS: The association between

10.

11.

12.

symptomatic sensory neuropathy and
body stature in diabetic patients. Diabetes
Res Clin Pract 4:95-98, 1988

Maffei P, Boschetti M, Marshall JD, Paisey
RB, Beck S, Resmini E, Collin GB, Naggert
JK, Milan G, Vettor R, Minuto F, Sicolo N,
Barreca A: Characterization of the IGF sys-
tem in 15 patients with Alstrom syndrome.
Clin Endocrinol (Oxf) 66:269-275, 2007
Merimee TJ, Hall JD, Rimoin DL, McKu-
sick VA: A metabolic and hormonal basis
for classifying ateliotic dwarfs. Lancet
1:963-965, 1969

Merimee TJ, Siperstein MD, Hall JD,

13.

Fineberg SE: Capillary basement mem-
brane structure: a comparative study of
diabetics and sexual ateliotic dwarfs. | Clin
Invest 49:2161-2164, 1970

Hearn T, Spalluto C, Phillips VJ, Ren-
forth GL, Copin N, Hanley NA, Wilson
DI: Subcellular localization of ALMS1
supports involvement of centrosome
and basal body dysfunction in the
pathogenesis of obesity, insulin resis-
tance, and type 2 diabetes. Diabetes 54:
1581-1587, 2005

464

Di1ABETES CARE, VOLUME 32, NUMBER 3, MARcH 2009



